Aim: To investigate the relationship of fibroblast growth factor receptor 4 (FGFR4) gene polymorphisms with the response of Chinese patients with non-small cell lung cancer (NSCLC) to chemotherapy. Methods: A total of 629 patients with Stage III (A+B) or IV NSCLC, as well as 729 age-and gender-matched healthy controls were recruited. All the patients received platinum-based chemotherapy, and the therapeutic effects were evaluated. Three polymorphisms in the FGFR4 gene (rs351855G/A, rs145302848C/G, and rs147603016G/A) were genotyped, and the association between the 3 polymorphisms and the chemotherapy effect was analyzed using SPSS software, version 16.0. Results: The genotype frequencies of rs145302848C/G and rs147603016G/A were not significantly different between NSCLC patients and healthy controls on one hand, and between the responders and non-responders to the chemotherapy on the other hand. The distribution of AA genotype and A-allele of rs351855G/A was significantly lower in NSCLC patients than in healthy controls. Using patients with the GG genotype as a reference, the AA carrier had a significantly reduced risk for the development of NSCLC after normalizing to age, sex and smoking habits. In NSCLC patients, this genotype occurred more frequently in the responders to the chemotherapy than in non-responders. The chance of being a responder was significantly increased with the AA genotype as compared to G genotype. The AA genotype of rs351855G/A had a better prognosis compared with GA and GG genotype carriers: the overall survival of patients with the AA genotype of rs351855G/A was significantly longer than those with the GG+GA genotype (21.1 vs 16.5 months).
Introduction
Lung cancer remains a leading cause of cancer death worldwide. Despite recent improvements in treatment, the prognosis remains very poor. Platinum-based chemotherapy is the standard first-line chemotherapy treatment for advanced nonsmall cell lung cancer (NSCLC). However, drug resistance is a major problem during chemotherapy [1] [2] [3] . In clinical practice, the chemotherapy response is quite different among patients [4] . Recent studies have showed that the genetic factor is a major determinant for the chemotherapy response in NSCLC patients [5] [6] [7] [8] . Some genes have been reported to be associated with the response to chemotherapy in NSCLC patients. However, the ideal candidate gene predicting the chemotherapy response has not been identified.
Fibroblast growth factor receptor 4 (FGFR4) belongs to the tyrosine kinase receptor family, and its activation mediates cell proliferation, survival, migration, and resistance to apoptosis [9, 10] . FGFR4 is differentially expressed in different tissues and cell types and has distinct differences in receptor functions [11, 12] . Several genetic polymorphisms were identified in the FGFR4 gene, such as rs351855G/A (Gly388Arg), which is a nonsynonymous SNP located in the transmembrane domain of the fgfr4 protein. The rs145302848C/G and rs147603016G/A polymorphisms are both located in the 5'-upstream region of FGFR4, which indicates that they may www.nature.com/aps Fang HM et al Acta Pharmacologica Sinica npg potentially regulate expression [13] [14] [15] [16] . However, it is currently unknown whether the polymorphisms of FGFR4 affect the response to chemotherapy in NSCLC patients.
Materials and methods

Patients
A total of 629 patients with Stage III (A+B) or IV NSCLC that was confirmed cytologically or histologically were enrolled into this study. To avoid the potential influence of poor clinical conditions on chemotherapy response, other eligibility criteria were included as follows: normal blood chemistry (hemoglobin >9 g/dL, neutrophil count >1500/mm 3 and platelet count >100 000/mm 3 ), hepatic function (bilirubin <1.5 times the normal upper limit, aspartate aminotransferase and alanine aminotransferase <2 times the normal upper limit) and renal function (creatine clearance rate >50 mL/s), and a normal electrocardiogram at the beginning of treatment. The exclusion criteria included symptomatic brain metastases, spinal cord compression, uncontrolled massive pleural effusion, previously received chemotherapy and other chronic disease. A total of 729 age-and gender-matched healthy controls were recruited from the physical examination center of Sir Run Run Shaw Hospital (Hangzhou, China). The controls were free of any cancer, respiratory system disease or other chronic disease. The study was approved under the ethics committees of Sir Run Run Shaw Hospital, and written informed consent was obtained from each participant. One hundred and nine patients were followed up for the overall survival period. The patients involved in the follow-up population were selected randomly, although patients who accepted a second-line target therapy were excluded.
Chemotherapy regimens and therapeutic effect evaluation All of the patients received the previously described platinumbased chemotherapy. All of the chemotherapeutic drugs were administered intravenously, and the treatment cycles were repeated every 3-4 weeks. Patient responses to the treatment were determined after four cycles by the WHO criteria, which classified the response into four categories: complete response (CR), partial response (PR), stable disease (SD), and progressive disease (PD). CR was defined as a complete disappearance of all measurable lesions. PR required at least a 50% reduction in measurable lesions. Patients with SD had less than a 50% decrease or no more than a 25% increase in the size of measurable lesions. PD was assigned to patients when the measurable lesions increased by more than 25% or when new lesions appeared. For data analysis, CR and PR were combined as responders and SD and PD were grouped as nonresponders.
Genotyping analyses
Genomic DNA was extracted from the peripheral blood lymphocytes. The primers were as follows: rs351855-F: 5'-GAC-CGCAGCAGCGCCCGAGGCCAG-3', R: 5'-AGAGGGAA-GAGGGAGAGCTTCTG-3'; rs145302848-F: 5'-CAGAGGAG-GACCCCACATG-3', R: 5'-TGGAGTCAGGCTGTCACATG-3'; rs147603016-F: 5'-CCGCAGCAGCGCCCGAGGCC-3', R: 5'-GAAGCGGGAGAGCTTCTGC-3'. PCR products containing the three polymorphic sites were then sequenced using a 3130 sequence platform (Applied Biosystems, Foster City, CA, USA) and the conditions recommended in the manufacturer's instructions. The sequence data were read with the DNSstar software.
Statistical analyses
The main endpoint of the study was overall survival, which was calculated from the start of the treatment to the date of the last follow-up or death. The tumor response was evaluated every 2 cycles of chemotherapy according to the Response Evaluation Criteria in Solid Tumor Group (RECIST). Demographic and clinical variables were compared across the genotypes, using Fisher's exact test or Pearson's χ 2 test. A Bonferroni test was used to correct the result of multiple tests. Survival curves were plotted using the Kaplan-Meier method and were compared with the log-rank test. The association between each genotype and the survival rate was estimated by computing the hazard ratios and their 95% confidence intervals by multivariate Cox's regression models, where the most frequent allele was assumed to be the reference. Statistical significance was set at P=0.05. All of the tests were two-sided, and the analyses were conducted with SPSS (Statistical Package for the Social Sciences) software, version 16.0.
Results
Patient characteristics are shown in Table 1 . The mean age and gender were similar between NSCLC and controls. The NSCLC group had a higher prevalence of smokers than the control group. In total, 311 patients were identified to have adenocarcinomas and 318 to have squamous cell carcinomas. For cancer staging, 331 patients had stage III disease and 298 had stage IV diseases. Of these patients, 219 had well differentiated tumor while 360 had moderately differentiated tumors and 269 had poorly differentiated tumors.
The genotype frequencies of the FGFR4 gene in NSCLC and controls are presented in Table 2 . The genotype frequencies of all SNPs in the controls were in Hardy-Weinberg equilibrium (P>0.05). The genotype frequencies of rs145302848C/G and rs147603016G/A were not significantly different between NSCLC patients and controls. For rs351855G/A polymorphisms, NSCLC patients had a lower prevalence of AA than control subjects (P<0.001). For allele comparison, NSCLC subjects had lower A-allele frequency than controls as well (P<0.001). With GG as a reference, the AA carriers had a significantly reduced risk for the development of NSCLC after normalizing to age, gender, and smoking habit (OR=0.507, P<0.001). Using the G allele as a reference, the OR for the A-allele carriers was 0.730 (P<0.001) ( Table 1) .
All of the patients who received platinum-based chemotherapy were subdivided into responder and non-responder groups. Of these patients, 291 (46.3%) responded to chemotherapy (CR+PR) and 338 (53.7%) showed no response to chemotherapy (SD+PD). The polymorphic genotypes and www.chinaphar.com Fang HM et al Acta Pharmacologica Sinica npg the allele frequency of rs145302848C/G and rs147603016G/A were not significantly different between the patients who responded and those who did not respond to the platinumbased treatment (both P>0.05). However, for rs351855G/A, the genotypes and allele frequency were substantially different between the treated responders and non-responders. The AA genotype distribution was significantly higher in responders than that in non-responders (P=0.003). The A-allele frequency was also significantly higher in responders than that in nonresponders (P=0.001). A logistic regression analysis showed that patients of the AA genotype had a significantly increased chance of responding to the treatment compared with the The distribution of three polymorphisms in a select population and the ratio of responders/non-responders were not different significantly from the whole NSCLC population. For the overall survival, the median follow-up duration for all the 109 cohort patients was 18.6 months (range 6-30 months). Log-rank analyses showed that the overall survival in patients with the AA genotype of rs351855G/A was significantly longer than that in those with the GG+GA genotype (21.1 vs 16.5 months, P=0.007, Figure 1) 
Discussion
This study investigated the role of FGFR4 genetic polymorphisms in the susceptibility and chemotherapy response in advanced-stage NSCLC patients who underwent platinum-based chemotherapy treatment. Among the three tested FGFR4 genetic polymorphisms, we found that the rs351855G/A was significantly associated with the risk of developing NSCLC. In addition, this rs351855G/A also determined the chemotherapy response and prognosis. To the best of our knowledge, no study has reported the association of FGFR4 genetic polymorphisms with chemotherapy response in NSCLC patients. The results of this study suggest that the rs351855G/A polymorphisms can predict the occurrence, chemotherapy response and prognosis of NSCLC.
The polymorphism rs351855 in the FGFR4 gene encodes FGFR4 containing either glycine (Gly, GGG) or arginine (Arg, AGG) at codon 388 [17] . Compared with the Gly388 vari ant, the Arg388 variation in the transmembrane domain (exon 9) of the FGFR4 protein results in FGFR4 stabilization and increases phosphorylation after ligand binding [18] . Rs351855 has been shown to increase the susceptibility of developing several types of autoimmune, inflammatory, or vascular disease including ischemic stroke [19] , coronary artery disease [20] , and irritable bowel syndrome [21] . Hepatocellular carcinoma has been linked to rs351855G [22] . However, a European population-based meta-analysis indicated that the A-allele was a risk factor for cancer [23] . Moreover, in a basic in vitro study, both alleles of rs351855 were required for function: the G-allele affects tumor growth, and the A-allele affects migration [24] . In the current study, our data support the potential risks associated with the G-allele polymorphism, which is consistent with the previous Chinese populationbased hepatocellular carcinoma study. It remains unclear whether the ethnic difference or the double mutation caused the inconsistent result. Additional basic molecular evidence is required, or a much larger population-based study should be conducted.
The FGFR4 gene polymorphisms have been associated with disease progression and poor prognosis in several tumor types, including colon, breast, prostate, head and neck, soft [25] [26] [27] [28] . A polymorphism at rs351855 in the FGFR4 gene has also been associated with chemotherapy in some types of cancers. In a study of patients receiving neoadjuvant chemotherapy for primary breast cancer, FGFR4 Arg388 predicted a pathologic complete response. In the same study, the FGFR4 Arg388 mutation was associated with a higher risk of axillary lymph node involvement, which is consistent with a well-known paradox of poor prognostic factors predicting a good response to neoadjuvant chemotherapy [29] . The FGFR4 388Arg allele also predicts prolonged survival and platinum sensitivity in patients with FIGO Stage II-IV epithelial ovarian cancer [17] . In the present study, we determined that the effects of FGFR4 genetic polymorphisms could also be extended to NSCLC patients, although the detailed mechanism still needs to be explored. The most significant goal of our study was to provide a potential molecular marker to predict the response of NSCLC patients to chemotherapy. However, in a previous study that involved 465 patients and a 5-year follow-up, Matakidou et al found that there was little evidence to suggest that the Gly388Arg polymorphism of FGFR4 represented a robust marker of lung cancer pathological parameters and prognosis [24] . This discrepancy might be due to the different subjects that were enrolled. We enrolled only NSCLC patients; however, Matakidou et al also enrolled SCLC patients. Additionally, the ethnic differences between Japanese and Chinese populations may also produce inconsistent results.
Several limitations in this study need to be addressed. This study was a single-center cohort investigation on a relatively small scale, and thus, replication studies with large independent cohorts are warranted. Second, we did not detect the FGFR4 protein in either serum or cancer tissue of NSCLC subjects. The detection of FGFR4 expression would help to clarify the effect of the genetic variations of FGFR4 on the chemotherapy response. Third, the size of the tested population was not big enough to ensure a detailed analysis of the different treatments. We believe that this type of clinical data mining would be helpful to determine the mechanism of FGFR4.
